Using cluster analysis, it is possible to map natural clusters of cinder cones in the TMVB for the first time. Such maps formalize previous observations in a quantitative way, provide unique infomarion about the structure of these cinder cone fields, and can serve as the basis for further hypothesis testing. For example, alignments of cinder cones are often said to be indicative of structural controls, and possibly reflect the orientations of principle horizontal stresses [Kear, 1964; Nakamura, 1977] . It has frequently been noted, however, that recognition of cinder cone aligments is subjective [cf. Williams, 1950; Nixon, !982], and therefore their geological significance is difficult to assess. As a result, several recent efforts have focused on quantitative means of recognizing alignments [Lutz, 1986; Wedge and Cross, 1988; Connor, 1987b] .
Large-scale inhomogeneities in cinder cone distributions can adversely affect the results of these methods, and cluster analysis can mitigate these effects. Furthermore, once clusters are delineated, it is possible to discuss their similarities and differences in a meaningful way. In the MGVF, spatial changes in petrologle variables, such as Mg number [Hasenaka and Carmichael, 1987] Urdvariate descriptive statistics, such as mean distance to nearest neighbor, are often used to characterize cinder cone distributions. This approach has ine!uded the use of quartiles and quartile plots, histograms, and distribution testing [Porter, 1972; Settle, 1979; Hasenaka and Carmichael, 1985a; Connor, 1987a] . These approaches have amply demonstrated that near neighbor distributions follow lognormal or Poisson distributions, as would be expected for a uniform random distribution of cones [Larsen and Marx, 1986] . These statistics are useful for comparing overall cinder cone densities among fields in different settings [Settle, 1979] .
However, univariate statistics are not useful for characterizing spatial ir•omogeneities, such as the occurrence of alignments of cones or clusters, and so cannot successfully describe these important aspects of cinder cone distribution. A second approach has been density mapping [Porter, 1972; Baker, 1974; Connor, 1987a] . In this method, contours of density distribution are drawn, based on the number of cones occurring within some arbitrary area. A densiV contour map for the TMVB, using cinder cones plotted in Figure 1 , is shown in Figure 3 . Several modes appear on this plot, suggesting that cinder cones cluster within the are. Drawbacks 21--ß . ,, '"'""•. Generally, recognition of cinder cone alignments and clusters has been subjective. Recently, quantitative methods ve emerged that help to assess the significance of alignment orientations. Three of these axe the two-point azimuth method [Lutz, 1986;  [Connor, 1987b] . Although these techniques will not be discussed in detail here, it will be showax that theix utility is enhanced when they are used together with cluster analysis.
CLUSTER ANALYSIS •tethods
Cluster analysis is an exploratory data analysis technique. Assumptions about the significance of a given volcano spacing [Porter, 1972; Connor, 1987a] [1985] is used to search for natural, spatial groupings of cinder cones. This method was chosen because the outcome depends on variation in the spatial density of cinder cones, rather than on the distribution of individual cones. As a result, the clustering algorithm will identify modes in cinder cone distribution. The method is robust in the sense that even if two distinct modes in cinder cone density distribution overlap slightly, they will be recognized as two clusters. Most other clustering algorithms cannot deal with this sort of overlap, or "fuzzy clustering", successfully because these algorithms identify clusters solely on the basis of individual points. For example, applying these "single-point" clustering algorithms, a single cone located between two otherwise compact clusters will frequently cause the two clusters to clump into one. Density fusion analysis will identify the two clusters because this algorithm is sensitive to the density of cones. Depending on a seaxch radius paxameter, described below, the outlying cone will be grouped with either cluster, or form a third cluster. As the number of cones between the two clusters increases, the ability to distinguish modes becomes more important. This effect is seen in many of the results of the cluster analysis of TMVB cinder cones.
Furthermore, density fusion cluster analysis is less sensitive to cluster shape than other algorithms, which tend to seaxch for either compact or elongate clusters [Sarle, 1985] . This is considered an advantage because it avoids a priori assumptions about cluster shape.
Despite its name, the uniform kernel density fusion clustering algorithm is relatively straightforwaxd. A cixcle of Once this matrix is calculated, the clustering algorithm begins to join the individual elements of the dissimilaxity matrix into clusters. This is done by linking cones using a single linkage clustering algorithm [Hartigan, 1975 [Lutz, 1986] and the Hough transform, as a means of identifying alignments in a quantitative way. Lutz [1986] noted that inhomogeneities in point distributions can adversely affect the results of the two-point azimuth method. Therefore, in this study the two-point azimuth and Hough transform methods were applied on a cluster by cluster basis, using the eight largest clusters identified at search radii of 16 km (Figure 5d ). The two-point azimuth method was also applied to clusters identified using longer search radii. In addition, a third method, two-dimensional Fourier analysis [Connor, 1987b] , was used as a tool for the identification of alignments within large clusters.
Two. Point Azimuth Results
The two-point azimuth method is a Monte Carla, simulation model and provides a statistical test for the significance of point alignments in a particular orientation [Lutz, 1986] . Here, the two-point azimuth method was applied to individual (Figures 6c and 7c) . There is also significant autocorrelation within these clusters at large lag distances, indicating that significant trends exist within these clusters (Figures 6d and  7d) . The distribution of these trends are revealed on phase maps, produced using only large amplitude spectra (Figures 6a  and 7a ). In both of these clusters, multiple alignments of Multiple alignments with common orientations on a regional scale were identified within three clusters in the southernmost MGVF. These alignments, separated from one another by up to 120 kin, are all oriented 0200-040 ø, parallel to the direction of plate convergence and the segment break. Alignments in the southern MGVF, which are generally more than 20 km in length and consist of numerous cinder cones, are unlike the local alignments identified farther to the north. The length of these aligrm,•ents, and the number of cones found within them, suggests that they are produced by faults, or fault zones, up which the migration of magma is enhanced. It may be that the maximum horizontal compresslye stress associated with these regional alignments is oriented 0200-040 ø , assuming that alignments form over a tensile fracture set. However, caution is needed in this regard because these regional alignments may owe their origins to more complex No direct relationship exists between alignment patterns in the southern MGVF and major strike-slip fault zones. Apparently, the Buenavista and Chapa!a-Tepic fault zones in the TMVB do serve as pathways up which some magma ascends, producing local alignments, but do not provide the permeability necessary for the development of regional cinder cone alignment patterns. Therefore, the regional pattern of alignments in the southern MGVF must be related to some preexisting features, such as basement lineaments, or, considering their position and orientation, are formed due to stresses produced by the underthn•fing of the Cocos plate.
Spectral maps of clusters 1 and 3 have substantial anisotropy
Carr [1984] and Walker [1981] noted that cinder cone fields are characteristically eraplaced at such segment breaks in the Central America are. In the TMVB, the highest concentrations of cinder cones are found on and adjacent to the segment break, in the MGVF. This is illustrated by the cluster analysis. At large search radii, the cinder cones of the MGVF are distributed among two clusters of more than 100 cones each. These clusters are NE trending, roughly perpendicular to the orientation of the .arc segments (clusters 1 and 2, Figure 5b) . The large NE trending clusters identified at long search radii in the MGVF are not likely produced by crustal structures [Connor, 1987a] 
